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(54) Bulk filtering and demodulation of independent FDMA sources 

(57) A satellite communications technique is dis- 
closed that synchronizes the reception of numerous 
OFDM uplink signals (108, 110) at a satellite (106) 
receiver and bulk processes them in the satellite (106). 
In operation, the satellite (106) receives an OFDM 
uplink signal (1 10) transmitted by a CPE (104). The sat- 
ellite 106 then compares the reception timing of the 
symbols in the received OFDM uplink signal (1 10) with 
a satellite timing reference, and generates a timing cor- 
rection. The satellite (106) provides a downlink symbol 
clock as inherent structure in a downlink beam to the 
CPE (104) and also transmits the timing correction in 
the downlink beam. The CPE (104) uses the downlink 
symbol clock in conjunction with the timing correction to 
generate an uplink clock. The CPE (104) then transmits 
data in the OFDM uplink signal (110) synchronously 
with the uplink clock. Each CPE (102, 104) may be syn- 
chronized in this manner. In addition, the satellite (106) 
may also periodically re-compare the reception timing of 
the OFDM uplink signals (108, 110) with the satellite 
timing reference to generate new timing corrections, if 
necessary, for the CPEs (102, 104). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to satellite com- s 
munications systems. More specifically, the invention 
relates to a method of synchronizing received uplink 
signals at a satellite such that bulk signal processing 
may be used to simultaneously recover multiple data 
channels in the uplink signals. 10 
[0002] Modern communications networks carry stag- 
gering amounts of information, typically divided for 
transmission purposes into individual data channels. 
Whether the data channels carried by the communica- 
tions network have their origin in the telephone system, is 
television stations, or other source, these data channels 
often need to be transmitted through a communications 
network including a satellite link. 
[0003] Where a satellite is a link in the communica- 
tions network, Customer Premises Equipment (CPE) is 20 
used to format the data channels for transmission to the 
satellite in an uplink signal. Multiple uplink signals may 
be generated by multiple CPEs, with each uplink signal 
carrying one or more data channels. Because many 
CPEs may communicate with a single satellite, the 25 
potential number of data channels that a single satellite 
may need to process can grow very large. 
[0004] With standard frequency division multiple 
access (FDMA), the available bandwidth is divided into 
many narrow frequency subbands (channels) with each 30 
CPE transmitting on a unique frequency channel. In 
addition, the frequency responses of the channels must 
be kept separated to reduce adjacent channel interfer- 
ence (ACI) which can significantly degrade perform- 
ance. In conventional satellites, each data channel 35 
present in an FDMA uplink signal is received and 
demodulated on an individual basis. 
[0005] A very efficient bulk demodulation scheme can 
be implemented at the satellite to receive and demodu- 
late all the channels in the uplink signal in a single oper- 40 
ation. Bulk demodulation requires time signaling 
synchronization among all the CPEs transmitting uplink 
signals. In the past, however, satellites and CPEs have 
been unable to achieve synchronization among the indi- 
vidual CPEs. 45 
[0006] Along with time and symbol synchronization, 
the channels can be spaced such that their frequency 
responses are orthogonal (thereby giving rise to the 
name orthogonal frequency division multiplexing 
(OFDM)). With orthogonal signaling, the frequency so 
responses can be overlapping, and with proper 
processing, be free of ACI. The result is very efficient 
bandwidth utilization. 

[0007] Today, tens of thousands of data channels to 
be processed by the communications satellite may com- 55 
pete for services in an uplink OFDM signal. A single sat- 
ellite would require enormous amounts of spac , 
weight, and power to receive, demodulate, and decode 



the unsynchronized data channels on an individual 
basis. Increasing the size, weight, and onboard power 
of a satellite, of course, drives up the cost of the satellite 
dramatically. 

[0008] The satellite itself becomes more expensive 
because of the large quantity of additional processing 
circuitry required to process data channels on an indi- 
vidual basis. Furthermore, larger, heavier, and more 
costly solar panels, batteries, or other power sources 
are required to provide onboard power. In addition, the 
satellite costs much more to launch because larger 
rockets using greater quantities of propellant are 
required to put the larger and heavier satellite into orbit. 
[0009] Thus, in the past, satellite size, weight, and 
power restrictions have prohibited satellites from 
processing the large numbers of data channels that 
modern communications techniques can generate. A 
need is present in the industry for improved satellite 
communications techniques, which overcomes the dis- 
advantages discussed above and previously experi- 
enced. 

BRIEF SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to pro- 
vide a method of communicating a large number of data 
channels through a satellite link. 
[001 1 ] It is a further object of the present invention to 
enable a satellite to process a large number of data 
channels without a corresponding increase in the size of 
the satellite. 

[001 2] It is a further object of the present invention to 
enable a satellite to process a large number of data 
channels without a corresponding increase in the power 
required by the satellite. 

[001 3] It is a further object of the present invention to 
enable a satellite to process a large number of data 
channels without a corresponding increase in the 
weight of the satellite. 

[0014] It is a further object of the present invention to 
increase the number of data channels a single satellite 
may process. 

[001 5] It is a further object of the invention to increase 
the efficiency of processing multiple OFDM uplink sig- 
nals with a single satellite. 

[001 6] It is yet another object of the present invention 
to synchronize independent OFDM uplink signals such 
that the OFDM uplink signals may be processed in bulk 
in a satellite. 

[001 7] The satellite communications technique of the 
present invention synchronizes the reception of numer- 
ous CPE-transmitted OFDM uplink signals at the satel- 
lite receiver. Because the OFDM uplink signals are 
synchronized correctly, the satellite may bulk process 
the data channels in the OFDM uplink signals. In other 
words, the individual data channels in the OFDM uplink 
signals may be processed with ut the need for individ- 
ual processing electronics for each data channel. 
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[0018] tn operation, the satellite receives an OFDM 
uplink signal transmitted by a CPE. The satellite then 
compares the reception timing of the received OFDM 
uplink signal with a satellite timing reference and gener- 
ates a timing correction. The satellite provides a down- 5 
link symbol clock in a downlink beam to the CPE and 
further transmits the timing correction in the downlink 
beam. 

[0019] During reception, the CPE synchronizes to the 
downlink beam and extracts the inherent downlink sym- 10 
bol clock. The CPE uses the downlink symbol clock in 
conjunction with the timing correction to generate an 
uplink clock. The CPE then uses the uplink clock to syn- 
chronously pass uplink data to CPE transmitter circuitry. 
[0020] In the above-described manner, the satellite 15 
may synchronize each OFDM uplink signal transmitted 
by each CPE. The net result is individual OFDM uplink 
signals arriving at the satellite with synchronization that 
makes the individual OFDM uplink signals appear to the 
satellite as a single composite OFDM uplink signal that 20 
has a bandwidth spanning the individual OFDM uplink 
signals. The single composite OFDM uplink signal may 
then be processed in bulk in the satellite. 
[0021] External influences, including the gravitational 
attraction of the sun and the moon, may perturb the orbit 25 
of the satellite and thereby affect OFDM uplink signal 
synchronization. As a result, the satellite may also peri- 
odically re-compare the reception timing of the OFDM 
uplink signals with the satellite timing reference to gen- 
erate new timing corrections, if necessary, for the CPEs. 30 
In this manner, the satellite may keep the OFDM uplink 
signals in synchronization and achieve the benefits of 
bulk processing indefinitely. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 35 
THE DRAWING 

[0022] 

Figure 1 shows a block diagram of two sets of cus- 40 
tomer premises equipment (CPEs) and a satellite 
cooperating in a communications network. 
Figure 2 shows a block diagram of the processing 
hardware in a satellite that is synchronizing and 
processing OFDM uplink signals. 45 
Figure 3 illustrates a block diagram of the process- 
ing hardware in a CPE. 

DETAILED DESCRIPTION OF THE INVENTION 

50 

[0023] Turning now to Figure 1 , that figure illustrates a 
communications network 100 including a first CPE 102, 
a second CPE 104, and a satellite 106. The first CPE 
102 transmits a first OFDM uplink signal 108 to the sat- 
ellite 106, while the second CPE 104 transmits a sec- 55 
ond OFDM uplink signal 110 to the satellite 106. The 
satellite 106 communicates in part with the first CPE 
102 and second CPE 104 through the downlink beam 



112. 

[0024] As noted earlier, each OFDM uplink signal 1 08, 
110 is divided into a number of subcarriers containing 
the actual data channels. Furthermore, since there may 
be additional CPEs (not shewn) transmitting OFDM 
uplink signals to the satellite 106, a large quantity of 
data channels may arrive for processing at the satellite 
106 asynchronously. Because techniques are available 
for efficiently processing the data channels in an OFDM 
uplink signal, the present invention uses the satellite 
106 to adjust the timing of the individual OFDM uplink 
signals 1 08, 1 1 0 such that the satellite 1 06 can treat the 
individual uplink OFDM signals 108,110 as a single 
composite OFDM uplink signal for processing pur- 
poses. In other words, after the satellite adjusts the tim- 
ing of the individual uplink OFDM signals 108, 110, the 
satellite may treat the individual uplink OFDM signals 
108, 1 10 as the equivalent of a single composite uplink 
signal. 

[0025] In operation, for example, the CPE 104 may 
begin service by locking onto and demodulating the 
downlink beam 1 12 in order to generate an initial uplink 
dock that controls the timing of the uplink signal 1 10. As 
will be explained below, satellite 106 provides the struc- 
ture in the downlink beam 112 that allows the CPE 104 
to lock onto the downlink beam 112. Turning now to Fig- 
ure 2, a block diagram of the satellite 106 is shown that 
illustrates the transmitter, internal synchronization, and 
processing hardware in the satellite 106. 
[0026] The satellite 106 receiver provides received 
signals, including the OFDM uplink signal 1 10 signal, for 
processing on an uplink RF receiver output 200 which is 
connected to a Wideband analog to digital (A/D) con- 
verter 202. The satellite 106 also includes an input 
buffer 204, Window and Pre-sum block 206, and a Fast 
Fourier Transform (FFT) processor 208. 
[0027] The satellite 106 further includes a calibration 
demodulator 210. control processor 212, time and fre- 
quency generator 214, and a data formatter and down- 
link multiplexer 216. 

[0028] In Figure 3, a block diagram representative of 
the CPE 104 is shown. Although Figure 3 will be dis- 
cussed with reference to CPE 104, it is noted that the 
structure shown in Figure 3 may apply to any CPE in 
communication with the satellite 106. As shown in Fig- 
ure 3, the CPE 104 includes a downlink demodulation 
and bit synchronizer 300, error correction unit 302, and 
a downlink data demultiplexer 304. The CPE 1 04 further 
includes "Bump" counter 306, clock gate 308, and an 
uplink clock generator 310. The CPE 104 is able to 
accept customer data from a customer data source 312 
and synchronize the customer data with the data phas- 
ing buffer 314. The CPE 104 structure shown in Figure 
3 operates in conjunction with the satellite 106 to estab- 
lish communication and synchronization with the satel- 
lite 106. 

[0029] Referring again to Figure 2, during satellite 1 06 
operation the time and frequency generator 214 pro- 
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duces the internal reference clocks used in the satellite 
106. In particular, the time and frequency generator 214 
generates a downlink clock that is connected to the data 
formatter and downlink multiplexer 216. The data for- 
matter and downlink multiplexer 216 uses the downlink 
clock to time the production of data streams that will be 
transmitted in the downlink beam 112. Thus, the down- 
link beam 112 contains, as inherent structure, a down- 
link symbol clock represented by the modulated 
transmitted data forming the downlink beam 1 12. 
[0030] To establish service with the satellite 106, the 
CPE 104 first locks onto and demodulates the downlink 
beam 112 using the downlink demodulator and bit syn- 
chronizer 300 (Figure 3). Because the downlink symbol 
clock is inherent in the downlink beam 1 1 2, the downlink 
demodulator and bit synchronizer 300 may recover the 
downlink symbol clock and provide it to the clock gate 
308. The clock gate 308 determines when the downlink 
symbol clock is allowed to drive the uplink data clock 
generator 310. When establishing service with the sat- 
ellite 106, the clock gate 308 may allow the downlink 
symbol clock to drive the uplink clock generator 310 
continuously so that the CPE can generate an initial 
uplink clock. 

[0031 ] The uplink clock generator 31 0, in turn, synthe- 
sizes an uplink clock from the downlink symbol clock. A 
variety of techniques may be used to generate the 
uplink clock, including using a numerically controlled 
oscillator (NCO) or a digital direct frequency synthesizer 
(DDFS) that uses the downlink symbol clock as a refer- 
ence. In a preferred embodiment, the downlink symbol 
clock provided by the satellite 106 runs at a frequency 
10 times or more higher than the uplink clock that the 
uplink clock generator 310 will synthesize. An initial fre- 
quency for the uplink clock may be established, for 
example, by storing a predetermined increment value in 
the NCO accumulator. 

[0032] Once the CPE 104 has generated its initial 
uplink clock, it may then request service through the 
satellite 106 by transmitting a synchronization request 
to the satellite 106. The CPE 104, for example, may use 
the OFDM uplink signal 1 1 0 to send the synchronization 
request to the satellite 106. In a preferred embodiment, 
the CPE 104 transmits the synchronization request at a 
rate which is a submultiple of the uplink clock rate that 
the CPE 104 uses. The synchronization request prefer- 
ably includes a CPE 104 identifier, such as a unique 
number, string, or location. The satellite 106, in turn, 
processes the synchronization request and provides the 
CPE 104 with synchronization information. 
[0033] Information in the OFDM uplink signal 110, 
including synchronization requests, may be processed 
starting at the uplink RF receiver output 200. The uplink 
RF receiver output 200 connects to the Wideband A/D 
converter 202 which converts the OFDM uplink signal 
present on the uplink RF receiver output 200 into digital 
samples. The calibration d modulator 210 analyzes the 
digital samples and detects the presence of the syn- 



chronization request. Note that the time and frequency 
generator 214 provides a spacecraft symbol time refer- 
ence to the calibration demodulator 212. The calibration 
demodulator 212 may, therefore, determine the relative 
s time of arrival between the OFDM uplink signal 1 1 0 car- 
rying the synchronization request and the spacecraft 
symbol time reference. 

[0034] In a preferred embodiment, the calibration 
demodulator 210 operates at ten to twelve times the 

10 digital sample rate in order to provide timing measure- 
ment accuracy in the symbols that make up the uplink 
data channel of under 1% of the symbol duration and 
uplink signal 1 10 frequency measurement inaccuracy of 
under 5% of the symbol rate. The calibration demodula- 

15 tor 21 0 forwards the relative time of arrival to the control 
processor 212. 

[0035] The control processor 2 1 2 determines the tim- 
ing correction needed to place the uplink signal 1 10 at 
the optimum time position for bulk processing of the 

20 OFDM uplink signal 110. The control processor 212 
determines the timing correction for the CPE 104 such 
that the symbols in the data channels in the OFDM 
uplink signal 110 arrive at the satellite in synchroniza- 
tion with other OFDM uplink signals. As a result, the 

25 individual OFDM uplink signals appear to the satellite 
106 as a single composite OFDM uplink signal that has 
a bandwidth spanning the individual OFDM uplink sig- 
nals. As a result of the synchronization process, the 
OFDM uplink signal timing is phased so that each sym- 

30 bo! interval in each data channel in each OFDM uplink 
signal spans each FFT processor 208 input data block. 
[0036] After the control processor 2 1 2 has determined 
the necessary timing correction for the uplink signal 
1 10, the control processor 212 forwards the timing cor- 

35 rection along with the corresponding CPE 104 identifier 
to the data formatter and downlink multiplexer 216. The 
data formatter and downlink multiplexer 216 inserts the 
timing correction and CPE 104 identifier into the down- 
link data stream along with any additional user data 

40 destined for the CPE 104. The satellite 106 then trans- 
mits the resultant multiplexed raw data comprising the 
downlink data stream in the downlink beam 112 for 
processing in the CPE 104. 

[0037] Referring again to Figure 3, in the CPE 104, the 
45 downlink demodulator and bit synchronizer 300 extracts 
the raw data destined for the CPE 104 from the down- 
link beam 1 1 2. The raw data undergoes error correction 
controlled by the error correction unit 302 in conjunction 
with any predetermined error correcting codes (for 
so example, parity codes, Hamming codes, block codes, or 
convolutional codes) that the satellite may have used. 
The output of the error correction unit 302 consists of 
downlink data which is multiplexed between user data 
and timing correction information. The downlink data 
55 demultiplexer 304 separates the user data from the tim- 
ing correction and forwards the timing correction to the 
bump count r 306. 

[0038] In one embodiment of the present invention, 



4 



7 



EP0924 877A2 



8 



the timing correction represents the number of downlink 
symbol clock periods for which the downlink symbol 
clock should be disabled. In response, the bump coun- 
ter 306 produces a clock inhibit signal which causes the 
clock gate 308 to disconnect the downlink symbol clock 
from the uplink data clock generator 310 (thereby delay- 
ing, phase shifting, and correcting the uplink clock gen- 
erated by the uplink data clock generator 310). The 
bump counter 306 releases the clock inhibit signal when 
the bump counter 306 has detected that the number of 
downlink symbol clock periods indicated by the timing 
correction has passed. Note that the bump counter 306 
may operate whenever the timing correction is non- 
zero, or, in an alternative embodiment, the satellite 106 
may provide an explicit execute command in addition to 
the timing correction to start the operation of the bump 
counter 306. 

[0039] In another embodiment of the present inven- 
tion, the satellite 106 provides a new accumulator incre- 
ment value for an NCO operating as the uplink data 
clock generator 310. The bump counter 306 may then 
assert the new accumulator increment value to the 
uplink data dock generator 310. According to NCO 
operating principles, if the accumulator increment value 
is increased, the resultant NCO output frequency is 
increased, while the NCO output frequency is 
decreased if the accumulator increment value is 
decreased. The new accumulator increment value may 
be set as permanent change in the uplink data clock 
generator 310. Alternatively, the satellite 106 may also 
provide a count value representing the number of down- 
link symbol clocks after which the bump counter 306 de- 
asserts the new accumulator increment value (thereby 
allowing the uplink data clock generator 31 0 to revert to 
its previous accumulator increment value). It is noted 
that the timing correction schemes discussed above 
may be used with one another, or with any other timing 
correction method (such as controlling the voltage on a 
voltage controlled oscillator). 

[0040] Once the CPE 104 is in synchronization, it may 
begin regular OFDM uplink signal transmissions to the 
satellite 106. Note that the CPE 104 may provide the 
uplink clock to the customer data source 312 to help 
ensure synchronization. Because the user data source 
may contain delays that the CPE 104 cannot account 
for, however, the customer data source 312 may be con- 
nected to a data phasing buffer 314. 
[0041] The data phasing buffer 314 is connected to 
the CPE 104 transmitter, the uplink clock, and the cus- 
tomer data source 31 2. Customer data produced by the 
customer data source 312 may thereby be buffered in 
the data phasing buffer 314. The data phasing buffer 
314 then stores the customer data and provides the 
customer data to the CPE transmitter with the uplink 
clock to maintain the proper synchronization. 
[0042] Because the CPE 104 is synchronized with 
other individual OFDM uplink signals, the satellite 106 
may treat all the OFDM uplink signals arriving at the sat- 



ellite as a single composite OFDM uplink signal. In other 
words, the satellite 1 06 may bulk process the composite 
OFDM uplink signal. 

[0043] To accomplish bulk processing, the satellite 

5 1 06 employs the Wideband A/D converter 202 to gener- 
ate signal samples representative of the composite 
OFDM uplink signal arriving at the satellite 1 06. The sig- 
nal samples are then operated on in bulk by an FFT 
process. The FFT process optionally includes the pre- 

w processing steps of synchronously buffering the digital 
samples with the spacecraft symbol time reference in 
the input buffer 204, as well as windowing and pre-sum- 
ming the digital samples for more efficient processing by 
the FFT processor 208. 

is [0044] The FFT processor 208 produces signals rep- 
resentative of the data channels carried in the compos- 
ite uplink signal. Because the symbols in the data 
channels making up the OFDM uplink signals are syn- 
chronized with the FFT processor 208 input data block, 

20 the FFT processor 208 also functions as a predetection 
matched filter at the uplink symbol rate. In one embodi- 
ment of the present invention, the FFT processor 208 is 
configured to generate channel l-Q pairs that represent 
the Quadrature Phase Shift Keying (QPSK) modulation 

25 of the data channels. If differential detection is used, 
each channel may be demodulated by performing a 
complex multiplication between the current l-Q pairs 
and the complex conjugate of the previous l-Q pairs. 
The FFT processor 208 outputs data for each channel 

30 at the uplink symbol rate. Furthermore, the FFT proces- 
sor 208 may continue to operate indefinitely because 
the satellite 106 periodically checks the synchronization 
of each OFDM uplink signal. 

[0045] External influences, including the gravitational 

35 forces of the Earth and Moon, may perturb the orbit of 
the satellite and thereby affect the OFDM uplink signal 
110 synchronization. As a result, the satellite 106 may 
periodically re-compare the reception timing of the 
OFDM uplink signal 1 04 with the spacecraft symbol tim- 

40 ing reference to generate new timing corrections for the 
CPE 104. The satellite 106 may re-compare the recep- 
tion timing on a fixed basis, for example every 10 or 20 
minutes, or on command, for example, from a ground 
station. In this manner, the satellite 106 may keep the 

45 OFDM uplink signal 1 1 0 in synchronization and achieve 
the benefits of bulk processing indefinitely. 
[0046] While particular elements, embodiments and 
applications of the present invention have been shown 
and described, it will be understood, of course, that the 

so invention is not limited thereto since modifications may 
be made by those skilled in the art, particularly in tight of 
the foregoing teachings. It is therefore contemplated by 
the appended claims to cover such modifications as 
incorporate those features which come within the spirit 

55 and scope of the invention. 
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Claims 



A method for bulk processing a plurality of OFDM 
uplink signals in a satellite, the method comprising 
the steps of: 5 

a. providing a method for synchronizing an 
OFDM uplink signal at a satellite, said method 
for synchronizing comprising the following 
steps: 10 

a1. receiving at said satellite an OFDM 
uplink signal transmitted by a CPE; 



a2. comparing reception timing of said 
OFDM uplink signal with a satellite timing 
reference and generating a timing correc- 
tion; 



15 



input buffer storing said digital samples and per- 
forming an FFT windowing and pre-summing oper- 
ation on said digital samples. 

The method of claim 3. further comprising the steps 
of: 

d. periodically recomparing said reception tim- 
ing of said OFDM uplink signal with said satel- 
lite timing reference to generate a new timing 
correction. 

e. providing said new timing correction in said 
downlink beam to said CPE. 



a3. providing a downlink symbol clock in a 20 
downlink beam received by said CPE; 

a4. providing said timing correction in said 
downlink beam received by said CPE; 



b. producing an equivalent single composite 
OFDM uplink signal at said satellite by syn- 
chronizing at said satellite according to step (a) 
a plurality of OFDM uplink signals; 

c. applying bulk processing at said satellite on 
said single composite OFDM uplink signal. 



25 



30 



2. The method of claim 1 , further comprising the steps 
of: 



35 



d. periodically re-comparing said reception tim- 
ing of said OFDM uplink signals with said satel- 
lite timing reference to generate a new timing 
correction. 



40 



e. providing said new timing correction in said 
downlink beam to said CPE. 

The method of claim 1, wherein said bulk process- 45 
ing step comprises the substeps of: 

c1. converting said composite OFDM uplink 
signal to digital samples; and 



c2. FFT processing said digital samples. 



50 



The method of daim 3, wherein said FFT process- 
ing step simultaneously produces an l-Q channel 
pair for each uplink channel. 



55 



The method of claim 3, wherein said FFT process- 
ing step further comprises the steps of providing an 
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